Viking on Mars: The carbon assimilation experiments by Horowitz, N. H. et al.
VOL. 82, NO. 28 JOURNAL OF GEOPHYSICAL RESEARCH SEPTEMBER 30, 1977 
Viking on Mars: The Carbon Assimilation Experiments 
N. H. HOROWITZ AND G. L. HOBBY 
Division of Biology, California Institute of Technology, Pasadena, California 91125 
JERRY S. HUBBARD 
School of Biology, Georgia Institute of Technology, Atlanta, Georgia 30332 
A fixatio~ _of atmospheric carbon, presumably into organic form, occurs in Martian surface material 
~n.de~ cond1t1ons approximating the_ actual Martian o~es. The reaction showed the following character-
1~t1cs. The amount of c~r.bon fixed 1s small by terrestrial standards: highest yields were observed in the 
light, but some dark act1v1_ty was also d_etected: and heating the surface material to 90°C for nearly 2 hours 
had no effect on the reactwn, but heating to l 75°C for 3 hours reduced it by nearly 90%. New data from 
M~rs do not su~port an earlier suggestion that the reaction is inhibited by traces of water. There is 
evidence of considerable heterogeneity among different samples, but different aliquots from the same 
sample are remarkably uniform in their carbon-fixing capacity. In view of its thermostability 1t is unlikely 
that the reaction is biological. 
INTRODUCTION 
With respect to its surface environment, Mars is more earth-
like than any other extraterrestrial body of the solar system. Of 
particular importance from a biological point of view is the 
fact that Mars possesses both an atmosphere of light elements 
and a temperature regime that is compatible with the existence 
of organic matter and even of some terrestrial life forms. These 
characteristics make Mars the most plausible habitat of extra-
terrestrial life in the solar system, but at the same time it is 
clear that they represent necessary, not sufficient, conditions 
for life. In particular, the absence of liquid water on the 
Martian surface excludes the possibility of terrestrial types of 
organisms on Mars. All known terrestrial species have high 
and, within narrow limits, apparently irreducible requirements 
for water. On this ground alone it has been evident for some 
time that Martian life could not be built on a terrestrial model 
[Horowitz et al., 1972a; Horowitz, 1976a, b]. 
The carbon assimilation experiment (also known as the 
pyrolytic release experiment) is designed to perform a biologi-
cal test on Mars under Martian conditions of temperature, 
pressure, water activity, and atmospheric composition. Al-
though these conditions depart from our geocentric sense of 
what constitutes a proper biological environment, it is obvious 
that Martian life, if any, is adapted to Martian conditions, not 
terrestrial ones. By preserving these conditions as far as pos-
sible we maximize the chance of survival of indigenous life and 
make reasonably sure that whatever events we may detect are 
not artifactual. In actual practice, our experiment has operated 
on Mars under a reasonable approximation of local conditions 
except for temperature, which, owing to heat sources within 
the spacecraft, has been consistently higher than the· ground 
temperature. 
Preliminary accounts of the data returned from Mars have 
been published [Klein et al., 1976; Horowitz et al., 1976]. In 
this paper we summarize all of the data, including the results 
of two new experiments on Mars, and we conclude that they 
are unlikely to have a biological explanation. 
EXPERIMENT DESCRIPTION 
The carbon assimilation experiment is designed to detect the 
synthesis of organic matter in Martian surface material from 
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atmospheric CO or C02 or both. The experiment assumes that 
Martian life would be based on carbon and that this carbon 
would necessarily cycle through the atmosphere. The rationale 
for these assumptions has been presented [Horowitz, 1976a]. 
Descriptions of the experiment, including the results of tests 
carried ou~ on a variety of terrestrial soils, have also been 
published [Hubbard et al., 1970; Horowitz et al., 1972b; Hub-
bard, 1976]. 
In brief, 0.25 cm8 of Martian surface material ('s.oil') is 
enclosed in one of the 4-cm" test chambers of the instrument 
under Martian atmosphere at the ambient pressure. The cham-
ber is closed by a window that transmits wavelengths longer 
than 320 nm originating in a 6-W high-pressure xenon lamp 
mounted above the chamber. The radiant energy entering the 
chamber, integrated between 335 and 1000 nm, is about 8 mW 
cm- 2, or approximately 0.2 times the energy in the·same wave-
length interval at the Martian subsolar point. Although solar 
wavelengths as short as 200 nm reach the surface c:if Mars we 
have excluded wavelengths shorter than 320 nm from the 'test 
chamber in order to prevent a nonbiological, photocatalyzed 
synthesis of organic compounds from CO and adsorbed water 
vapor that we find to occur on. silicate and other mineral 
surfaces irradiated with ultraviolet shorter than 300 nm [Hub-
bard et al., 1971, 1973, 1975]. Since these short wavelengths are 
generally destructive to organic matter except under the spe-
cial conditions of the synthesis, we assume that Martian life, if 
it exists, must also avoid this spectral region; its deletion from 
the radiation entering the test chamber therefore does not 
constitute a significant change in the biological environment. 
The use of the lamp during any experiment is optional and is 
commandable from earth. Also commandable is the injection 
of approximately 80 µg of water vapor (or integral multiples 
thereof) into the test chamber at the start of an experiment. 
The atmosphere in the test chamber is labeled by the injec-
tion of 20 µI of a mixture of 14C02 and 14CO (92: 8 by voiume, 
total radioactivity 22 µCi) at the start of an experiment. The 
resulting pressure increase is 2.2 mbar over ambient, which 
was 7.6 mbar initially at both landing sites. The Martian 
atmosphere contains about 95% C02 and 0.1 % CO. The injec-
tion of radioactive gases increases the partial pressures of C02 
and CO by 28% and 23-fold, respectively. 
The sample is incubated for 120 hours at temperatures 
which have ranged from 8°C to 26°C in the experiments 
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conducted to date. The lamp is then turned off, and the cham-
ber is brought to 120°C while the radioactive atmosphere is 
vented. The chamber is next heated to 63S°C to pyrolyze 
organic matter in the sample. The volatile products, together 
with a large amount of 14C02 and ••co desorbed from the soil 
grains and walls of the chamber, are swept by a stream of He 
into a column packed with a mixture of 2S% cupric oxide and 
7S% Chromosorb-P (a form of diatomaceous earth). The col-
umn, which operates at 120°C, retains organic molecules 
larger than methane but allows all but a small fraction of the 
C02 and CO to pass into a radiation counter, where their 
radioactivity is measured. This count is referred to as peak 1. 
The column temperature is then raised to 640°C, the high 
temperature causing the release of organic compounds and 
their oxidation to C02 by the CuO in the column. The radio-
activity of this gas is peak 2; it represents organic matter 
synthesized from 14CO or 1•co2 during the incubation. Peak 2 
also contains the small fraction of CO and C02 which failed to 
elute with peak 1, presumably because of the presence of some 
high-affinity sites in the column. The radioactivity of this 
fraction, referred to as peak 2(0), must be subtracted from 
peak 2 in order to estimate the amount of C fixed in organic 
matter. The size of peak 2(0) is known from laboratory tests 
carried out with heat-sterilized soils or with no soils in the test 
chamber by using flight-configured columns. These measure-
ments show that for values of peak 1 less than 7 X 10• dpin 
(disintegrations per minute), peak 2(0) is only weakly depen-
dent on peak 1, i.e., that it is almost constant. It can be 
estimated from the regression line peak 2(0) = 28.8 + 2.84 x 
10-• peak I, peak heights being expressed in disintegrations 
per minute. The standard deviation of peak 2(0) is 27 dpm. 
The regression line is plotted in Figure I. 
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Fig. I. "C fixation results from Mars (open circles) compared with 
laboratory data obtained with heat-sterilized soils or no soils (solid 
circles) The laboratory data are fitted with the regression line peak 
2(0) = 28.8 + 2.84 X io-• peak I. The light line marks the 3u level. 
The high point at peak I = 41 X 104 dpm was not used in computing 
the regression line. C is Chryse; U, Utopia; and dpm, disintegrations 
per minute. 
RESULTS 
Ten experiments were performed on Mars, six at the Chryse 
site (numbered chronologically Cl-C6) and four at the Utopia 
site (U l-U4 ). Of these, U4 is not usable owing to an apparent 
valve failure which allowed peak 2 to escape before it could be 
counted. Attempts to correct or circumvent the failure proved 
ineffectual. A summary and a statistical analysis of all usable 
results are shown in Figure I and Table 1. Descriptions of all 
experiments but CS and C6 have been given in previous re-
ports and will not be repeated here. 
Experiment C5. CS was performed with a surface sample 
that had been acquired before the solar conjunction and stored 
in the hopper of the soil distribution assembly for 69 sols 
before CS was initiated (a sol is a Martian day, equal to 24.6S 
hours). Since the three test chambers of the Viking Lander 1 
(VL I) instrument had already been used, it was necessary to 
run the experiment in the 'soil-on-soil' mode, as was also the 
case with C4. The purpose of CS was to determine the effect of 
water vapor injection, followed by evaporation of the water at 
an elevated temperature, on the soil activity. Since the test 
chamber now contained two soil aliquots, two injections of 
water vapor were made. After 4 hours the chamber was ven-
ted, and the temperature was brought to l 20°C for 1 or 2 min 
before it dropped to about 90°C, where it was held for ap-
proximately 112 min. The temperature was then lowered to 
17° ± 1°C for the rest of the experiment. Three 20-µI injec-
tions of radioactive gas were made to compensate in part for 
the reduced pressure in the VL 1 gas bottle, which, after 160 
sols of use and normal leakage, should by now have dropped 
to about 10% of its initial value. The remainder of the experi-
ment proceeded normally. 
The results of CS are hardly distinguishable from those of 
C4. The unusually low first peaks of both experiments are 
explained by the depletion of radioactive gas mentioned 
above. The second peaks of C4 and CS are statistically identi-
cal, an important result in view of the different thermal his-
tories of the two samples. This finding will be considered 
further in the discussion section below. 
Experiment C6. This experiment tested the effect of water 
vapor injection without heating or evaporation. It repeated 
U2, the result of which had suggested that water vapor inhibits 
the fixation reaction [Horowitz et al., 1976]. It differed from 
U2 and CS in that the order of addition of water vapor and 
radioactive gases was reversed, the latter being added first in 
C6 in consideration of their low pressure in the gas bottle. The 
change is probably not significant. The surface sample used in 
C6 was an aliquot of the same material that had been used in 
C4 and CS (see Table I). This material had by now been stored 
in the soil hopper for 139 sols at temperatures from S°C to 
24°C. Two injections of water vapor and six injections of 
radioactive gas were made; incubation was performed with the 
lamp on. 
The high value of peak 1 (Figure 1 and Table I) confirms 
that water vapor injection occurred. (1 n CS the water was 
evaporated before the addition of radioactive gas, and a high 
first peak was not obtained or expected.) Of great interest is 
peak 2, which is seen not to differ significantly from peak 2 of 
C4 or of CS. We have to conclude, despite earlier indications 
to the contrary, that water vapor does not inhibit the fixation 
reaction. It should be noted here that two anomalous data 
segments, identifiable by their non-Poisson statistics, were 
edited from the C6 data. Similar anomalies had been encoun-
tered in the C2 data [Klein et al., 1976]. Despite these episodes 
we do not doubt the validity of the results. 
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TABLE I. Carbon Fixation Statistics 
Disintegrations per Minute± Standard Error 
Incubation 
Experi- Temperature, Peak 2 -
ment Sample Conditions oc Peak I Peak 2 Peak 2(0) Peak 2(0) p 
Cl Sandy Flats I, fresh light, dry 17 ±I 67,464 ± 536 873 ± 10 30.7±27 842 ± 29 ~o 
C2 Sandy Flats I, light, dry, I 75°C 15 ±I 69,536 ± 545 136 ± 12 30.8 ± 27 105 ± 29.5 2 x 10-• 
stored 19 sols heat treatment 
C3 Sandy Flats 2, fresh light, dry 13-26 61,027 ± 527 245 ± 8.9 30.5 ± 27 214.5 ± 28 10-14 
C4 Sandy Flats 3, fresh light, dry 16 ± 2 18,545 ± 381 318 ± 15 29.3 ± 27 289 ± 31 6 x 10- 21 
cs Sandy Flats 3, light, H,O, 90°c 17 ±I 20,295 ± 395 304 ± 11 29.4 ± 27 275 ± 29 10-21 
stored 69 sols heat treatment 
C6 Sandy Flats 3, light, H20 15 ± 2.5 193,803 ± 864 289 ± 15 34.3 ± 27 255 ± 31 10-16 
stored 139 sols 
UI Beta I , fresh dark, dry 15 ± 3 64,845 ± 527 209 ± 15 30.6 ± 27 178 ± 31 5 x 10-• 
U2 Beta 2, fresh light, H,O 18 ± 1.5 113,845 ± 690 25 ± 8.4 32.0 ± 27 -7 ± 28 0.5 
U3 Under Notch dark, dry 10 ± 2 118,309 ± 400 68 ± 23 32.2 ± 27 36 ± 35 0.15 
Rock, fresh 
Samples are identified by sampling location, acquisition number, and age at the start of the experiment. Conditions indicate whether the 
lamp was on or off, whether water vapor was injected, and whether the sample was heated before starting incubation. Pis the conventional 
one-tailed probability that a positive deviation from peak 2(0) as large as or larger than that found would be obtained by chance. 
DISCUSSION 
The data show that a fixation of atmospheric carbon occurs 
in the surface material of Mars under conditions approximat-
ing the Martian ones. The highest activity was seen in experi-
ment Cl, where approximately 10 pmol of CO (or 30 pmol of 
C02 , which has a lower specific activity in the gas space) was 
fixed. This activity is quite small by terrestrial standards, but it 
is significant. Indeed, when it is recognized that the only identi-
fied nonbiological organic synthesis, the surface-catalyzed 
photoreaction referred to earlier, had been eliminated in de-
signing the experiment, the results are startling. Nevertheless, 
a biological interpretation of the results is unlikely in view of 
the thermostability of the reaction. Thus the second peaks of 
experiments C4, CS, and C6 are not significantly different from 
one another, although the thermal histories of the samples are 
very different. The three samples were aliquots from the same 
scoopful of surface material (Table I). In C4 the material was 
tested fresh from the surface. In CS it had been stored for 69 
sols at temperatures between 10°C and 24°C before the experi-
ment was initiated, and it was heated for nearly 2 hours at 
90°C before incubation began. In C6 it had been in storage for 
139 sols at temperatures from S°C to 24°C before the start of 
the experiment. Given these histories and the observation that 
the temperature of the ground, the habitat of any presumed 
organisms, does not reach 0°C at any time of the year at either 
landing site [Kieffer, 1976], it is difficult to reconcile the con-
stancy of the responses with a biological origin. 
Further evidence is found in experiment C2, in which a 
sample from the same dig that had supplied the CI sample was 
heated at I 75°C for 3 hours before starting the incubation. 
The activity was reduced considerably but not to the level of 
sterile soils; the peak 2 count is 3.5u above the mean of such 
soils. It appears that the agent responsible for the reaction is 
somewhat heat labile but not as labile as we expect living 
organisms to be. 
In an earlier report we drew the inference from the results of 
experiments U2 and U3 that the fixation reaction is inhibited 
by traces of water [Horowitz et al., 1976]. Unless the two 
landing sites are fundamentally different in their surface chem-
istries (an assumption that is opposed by all the available 
evidence), we are forced by the outcome of the C6 experiment 
to conclude that the results of U2 and U3 are related not to the• 
water content of the samples but more probably to sample 
heterogeneity. That significant heterogeneity exists can be seen 
in experiments Cl, CJ, and C4. These experiments were run in 
the same way with different samples collected at the Sandy 
Flats site. The peak 2 counts all differ significantly from one 
another, and they vary over a 3.S-fold range. These results are 
in striking contrast to the uniformity seen in C4, CS, and C6, 
the samples for which were all aliquots from the same dig. 
The Utopia samples are known to be heterogeneous with 
respect to at least one relevant characteristic: their irradiation 
histories. Sample U3 was obtained from under Notch Rock 
and presumably had not been exposed to solar radiation in 
recent times. If the plausible assumption is made that only 
recently irradiated surface material can fix atmospheric car-
bon, then the difference between experiments U I and U2 could 
reflect variations in the quantity of such material transferred to 
the incubation chambers; a similar explanation is possible for 
the other differences noted above. 
If organic matter is being synthesized on Mars, it does not 
accumulate above the sensitivity threshold of the GCMS (gas 
chromatograph mass spectrometer), the Viking organic analy-
sis instrument [Riemann et al., 1976]. The amount of carbon 
fixed even in experiment Cl is well below the detection limit of 
this sensitive instrument. A low-level, steady state synthesis 
like that described by Hubbard et al. [1971, 1973, 197S] would 
be compatible with the observations, providing it could oper-
ate under the conditions described in this paper. We are in-
vestigating the possibility that organic compounds synthesized 
by the Hubbard reaction on Mars analog surface materials can 
exchange with ''CO or "C02 under the conditions of the 
carbon assimilation experiment [Hobby, 1977]. 
Other mechanisms that have been suggested to explain the 
results described here include carry-over of particulate matter 
from the incubation chamber to the column [Huguenin, 1977], 
incorporation of "CO into carbon suboxide polymer pre-
formed on the Martian surface [Oyama, 1977], and reduction 
of "CO by H20 2 in the surface material [Hobby, 1977]. It 
remains to be seen whether any of the proposed mechanisms 
can account for the intriguing observations. 
4662 BIOLOGY 
Acknowledgments. We owe a debt of gratitude to all those con-
nected with the Viking mission, whose efforts helped make the mission 
the historic achievement that it has been. We acknowledge in particu-
lar the important contributions made by Ron Gilje, Fred Brown, and 
Steve Loer to the successful operation of our instrument during the 
active phase of the mission, and we thank Paul K. Cartier III and 
William Ashley for their invaluable technical assistance in the labora-
tory phases of the investigation. This work was supported by NASA 
contracts NASl-12311 (to N.H.H.) and NASl-13422 (to J.S.H.) and 
NASA grants NGR-05-002-308 (to N.H.H.) and NSG-7069 (to 
J.S.H.). 
REFERENCES 
Biemann, K., J. Oro, P. Toulmin III, L. E. Orgel, A. 0. Nier, D. M. 
Anderson, P. G. Simmonds, D. Flory, A. V. Diaz, D.R. Rushneck, 
and J. A. Biller, Search for organic and volatile inorganic com-
pounds in two surface samples from the Chryse Planitia region of 
Mars, Science, 194, 72-76, 1976. 
Hobby, G. L., The pyrolytic release experiment, paper presented at 
Annual Meeting, Amer. Ass. Advan. Sci., Denver, Colo., Feb. 22, 
1977. 
Horowitz, N. H., The search for life in the solar system, Accounts 
Chem. Q.es., 9, 1-7, 1976a. 
Horowitz, N. H., Life in extreme environments: Biological water 
requirements, in Chemical Evolution of the Giant Planets, edited by 
C. Ponnamperuma, pp. 121-128, Academic, New York, 1976b. 
Horowitz, N. H., R. E. Cameron, and J. S. Hubbard, Microbiology of 
the dry valleys of Antarctica, Science, 176, 242-245, 1972a. 
Horowitz, N. H., J. S. Hubbard, and G. L. Hobby, The carbon 
assimilation experiment: The Viking Mars lander, Icarus, 16, 
147-152, I 972b. 
Horowitz, N. H., G. L. Hobby, and J. S. Hubbard, The Viking carbon 
assimilation experiments: Interim report, Science, 194, 1321-1322, 
1976. 
Hubbard, J. S., The pyrolytic release experiment: Measurement of 
carbon assimilation, Origins Life, 7, 281-292, 1976. 
Hubbard, J. S., G. L. Hobby, N. H. Horowitz, P. J. Geiger, and F. A. 
Morelli, Measurement of "CO, assimilation in soils: An experiment 
for the biological exploration of Mars, Appl. Microbio/., 19, 32-38, 
1970. 
Hubbard, J. S., J. P. Hardy, and N. H. Horowitz, Photocatalytic 
production of organic compounds from CO and H,O in a simulated 
Martian atmosphere, Proc. Nat. A cad. Sci. U.S., 68, 574-578, 1971. 
Hubbard, J. S., J. P. Hardy, G. E. Voecks, and E. E. Golub, Photo-
catalytic synthesis of organic compounds from CO and water: In-
volvement of surfaces in the formation and stabilization of prod-
ucts, J. Mo/. Evol., 2, 149-166, 1973. 
Hubbard, J. S., G. E. Voecks, G. L. Hobby, J. P. Ferris, E. A. 
Williams, and D. E. Nicodem, Ultraviolet-gas phase and photo-
catalytic synthesis from CO and NH3 , J. Mo/. Evol., 5, 223-241, 
1975. 
Huguenin, R. L., Photochemical weathering and the Viking biology 
experiments on Mars, paper presented at Annual Meeting, Amer. 
Astron. Soc., Div. Planet. Sci., Honolulu, Hawaii, Jan. 20, 1977. 
Kieffer, H. H., Soil and surface temperatures at the Viking landing 
sites, Science, 194, 1344-1346, 1976. 
Klein, H.P., N. H. Horowitz, G. V. Levin, V. I. Oyama, J. Lederberg, 
A. Rich, J. S. Hubbard, G. L. Hobby, P.A. Straat, B. J. Berdahl, 
G. C. Carle, F. S. Brown, and R. D. Johnson, The Viking biological 
investigation: Preliminary results, Science, 194, 99-105, 1976. 
Oyama, V. I., The chemical potential demonstrated in the gas ex-
change experiments and its meaning and confirmation of a model of 
Martian chemistry in the biology experiments, paper presented at 
Annual Meeting, Amer. Ass. Advan. Sci., Denver, Colo., Feb. 22, 
1977. 
(Received April I, 1977; 
revised June 6, 1977; 
accepted June 6, 1977.) 
